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The title of the invention has been amended (Guidelines for Examination in the EPO A-Ht 7 3) 

The microorganism(s) has (have) been deposited at The German Collection of Micro^Oraani^^mQ/nQM^ ..r,w^ u / v 
3606. DSM 3687, DSM 4023. «^Nun or ivjicro Organisms (DSM) under number(s) DSM 

@ Plant cells resistant to glutamlne synthetase Inhibitors, made by genetic engineering. 

(g) The invention relates to a DNA fragment containing a 
determined gene, the expression of which inhibits the antibiotic 
and herbicidal effects of Bialaphos and related products. 

It also relates to recombinant vectors, containing such DNA 
fragment, which enable this protective gene to be introduced 
and expressed Into cells and plant cells. 
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Description 

GENETICALLY ENGINEERED PLANT CELLS AND PLANTS EXHIBITING RESISTANCE TO GLUTAMINE 
SYNTHETASE INHIBITORS. DNA FRAGMENTS AND RECOMBINANTS FOR USE IN THE PRODUCTION OF 

SAID CELLS AND PLANTS. 

The invention relates to a process for protecting plant cells and plants against the action of glutamine 
synthetase inhibitors. 

It also relates to applications of such process, particularly to the development of herbicide resistance into 
determined plants. 

It relates further to non-biologically transformed plant cells and plants displaying resistance to glutamine 
synthetase inhibitors as well as to suitable DNA fragments and recombinants containing nucleotide 
sequences encoding resistance to glutamine synthetase inhibitors. 

Glutamine synthetase (hereafter simply designated by GS) constitutes in most plants one of the essential 
enzymes for the development and life of plant cells. It is known that GS converts glutamate into glutamine. GS 
is involved in an efficient pathway (the only one known nowadays) in most plants for the detoxification of 
ammonia released by nitrate reduction, aminoacid degradation or photorespiration. Therefore potent 
inhibitors of GS are very toxic to plant cells. A particular class of herbicides has been developped. based on 
the toxic effect due to inhibit inhibition of GS in plants. 

These herbicides comprise as active ingredient a GS inhibitor. 

There are at least two possible ways which might lead to plants resistant to the inhibitors of the action of 
glutamine synthetase ; (1) by changing the target. It can be envisaged that mutations in the GS enzyme can 
lead to insensitivity towards the herbicide ; (2) by inactivation of the herbicide. Breakdown or modification of 
the herbicide inside the plant could lead to resistance. 

Bialaphos and phosphinothricin (hereafter simply designated by PPT) are two such inhibitors of the action of 
GS, (ref. 16, 17) and have been shown to possess excellent herbtcidal properties (see more particularly ref. 2 
as concerns Bialaphos). 

Bialaphos has the following formula (I) : 

I 3 I ^ 

HO-P-CH^-CH^-C - CONH 
H 2 2, 

O H 



1 3 j 3 

- C - CONH - C - COOH 

I I 

H H 



PPT has the following formula (II) : 

CFf3 -NH^ 
HO - P - CH« - CH^ - CH 



COOH 



Thus the structural difference between PPT and Bialaphos resides in the absence of two alanine aminoacids 
in the case of PPT. 

These two herbicides are non selective. They inhibit growth of all the different species of plants present on 
the soil, accordingly cause their total destruction. 

Bialaphos was first disclosed as having antibiotic properties, which enabled it to be used as a pesticide or a 
fungicide, Bialaphos can be produced according to the process disclosed in the united-states patent no 
3 832 394, assigned to MEIJI SEIKA KAISHA LTD., which patent is incorporated herein by reference. It 
comprises cultivating Streptomyces hygroscopicus . such as the strain available at the American Type Culture 
Collection, under the ATCC number 21 ,705, and recovering Bialaphos from its culture medium. However, other 
strains, such as Streptomyces viridochromogenes , also produce this compound (ref. 1). 

Other tripeptide antibiotics which contain a PPT moiety are or might be discovered in nature as well, e.g. 
phosalacin (ref. 15). 

PPT is also obtained by chemical synthesis and is commercially distributed by the industrial Company 
HOECHST. 

A number of Streptomyces species have been disclosed which produce highly active antibiotics which are 
known to.incapacitate procaryotic cell functions or enzymes. The Streptomyces species which produce these 
antibiotics would themselves be destroyed if they had not a self defence- mechanism against these antibiotics. 
This self defence mechanism has been found in several instances to comprise an enzyme capable of inhibiting 
the antibiotic effect, thus of avoiding autotoxicity for the Streptomyces species concerned. This modification is 
generally reversed when the molecule is exported from the cell. 
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. The existence of a gene which encodes an enzvme ablP trv onrxHiK, *^ 

effect against the host has been demonstrated inTevJr^^reo^oir^^ ' h "^'^ '° '° ^""'^'^"c 
S- fradiae . S. azureus . S. vinaceus . S. erythreuf DrSJ^ nTnl^ •'^^^^^^ 

(MacrolideCn^^SiSFiideStFi^tH^inTiJ^ th,ostrepton, viomycin. and MLS 

al 1982 describes standard techniques which ca^ brusejfortino^^^ fer 6).(ref.14 by CHATER e, 

In accordance with the present invention, it has been founfthat sSom J k ^'^^'''^ '° "S^*^" ^ 
also possesses -a gene encoding an enzyme rr -noi i Jm r ■■ !' hygroscooicus ATnr. oi 

Bialaphos. Experiments carried out by the applicantrhav^leaV^ properties o^ 

, process for controlling the action of GS inhibitors basei on PP? of h °"h ' ^ 9^"" ^"'^ « 
An object of the invention is to provide a new process for r^n^r^Tr f."'®'^ Products. 
GS inhibitors. e a new process for controlling the action in plant cells and plants of w 

-Another object of the invention is to provide DNA fraamentci anrt r>M a ^ 
vectors containing said DNA fragments which DNA fr?|Ss cont^^^^^^ particulariy modified 

.ncorporated in plant cells and plants, to protect ihS^^aa nsft^p lr J oo^^ '^^P^ble, when 

A further object of the invention is to provide nonSoS ransfofi^^^^ ° "l^ 
neutralizing or inactivating GS inhibitors. '^'O'ogically transformed plant cells and plants capable of ,5 

A further object of the invention is to provide a Drocp<!<: fr.r ■ 
herbicides of a GS inhibitor type. ^ ^ selectively protecting plant species against 

-^More specifically an object of the invention is to provide a DNA franmo^t ♦ , 
whole plants- capable of protecting them againsMhTLrWHl « . ^''^"^'^'^'''^ ^° P'^"* "lis- and to 
analogous herbicides. ^ ^ herbicidal effects of Bialaphos and of structurally 20 

foreign nucleotide sequence, capable of being expreiedTnlhr ^rm '•"^S'^^"* '"^'"ding a 25 

under condition such as to cause said heterofo^NA frLamenUo hi f ^^'^ P'^"» ""^ plants, 

in the cells of said plants, and wherein said prote^^^hSTn "n 

neutralization of said glutamine synthetase inhiSor enzymatic activity capable of inactivating or 

compTS^g^nre^tf^^^^^^^^^ 

inhibitors. ^ ^^"^^ activity) and which encodes resistance to a said GS 
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X SER 1='R0 GLU 

1B3 

ARG AR3 PRO ALA ABP ILE ARG ARC ALA THR GLU ALA ASP MET PRO 

229* ' ' . ' 

ALA VAL QYS THR ILE VAL A5N HIS TYH ILE GLU THR SER THR VAL 

273 

ASN PHE ARG THR GLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 

LEU VAL ARG LEU ARG GLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

363 

ASP GLY GLU VAL ALA GLY ILE ALA TYR ALA GLY PRO TRP LYS ALA 
403 

AR3 A5N ALA TYR ASP TRP THR ALA GLU SER THR VAL TYR VAL SER 
453 

PRO ARG HIS GLN ARG THR GLY LEU GLY SER THR LEU TYR THR HIS 
4 98 

LEU LEU LYS SER LEU GLU ALA GLN GLY PHE LYS SER VAL VAL ALA 
543 

VAL ILE GLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 

533 

LEU GLY TYR ALA PRO ARG GLY MET LEU ARG ALA ALA GLY PHE LYS 

633 ' ' " ' . 

-HIS GLY-ASN-TRP HIS ASP -VAL- GLY^PKE_TRP GLN LEU ASP'-PHf - SER 

<b73 

LEU PRO VAL PRO PRD^~ ARG PRO -Vv\r LEU PRO ^VAL THR GLU ILE • 
723 . - 



in which X represents MET or VAL, which part of said polypeptide is of sufficient length to confer protection 
against Bialaphos to plant cells, when incorporated genetically and expressed therein, i.e. as termed hereafter 
"plant-protecting capability" against Bialaphos. 

A preferred DNA fragment consists of the following nucleotide sequence : 
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iB3 "- . _ . - CCA GAA 

CGA CGC CCG GCC GAC ATP rrr i-'-T ^-^^ " 

. 22B ^ ^''^ -^^C C.T GCC ACC GAQ GCG GAC AT3 CC3 

'%3- -^^-^ ATC GAG AC A AGC ACG Sr6 

AAC^TXC CGT ACC GAg' CCG CAG GAA CCG CAG GAS TGG ACG GAC g"aC 
CTC^GTC CGT CTG CGG GAG CGC TAT CCC TGG CTC GTC GCC GAG STS 
^-if GAG GTC GCC GGC ATC GCC TAC GCG GGC CCC TGG AAG GCA 
CGC^AAC^^GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTC TCC 
CCC^CGC CAC CAG CGG ACG GGA CTG GGC TCC ACG CTC TAC ACC CAC 
CTG^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGC GTG GTC GCT 
GTC^ATC GGG CTG CCC AAC GAC CCG AGC GTG CGC ATG CAC GAG GCG 

CTC GGA TAT GCC CCC CGC GGC ATG CTG rr- , ' r^r^ 

^■=3 >- L-FB Coo Guo GCC GGC TTC AAQ 

CAC GGG AAC TGG CAT GAC GTR rr-r -r^r^ - " 

67B GGT TTC TGG CAG CTG GAC TTC AGC 

CTG CCG 6TA CCG CCC CGT CCG GTC CTG n^n rrn .r^r^ 

/H3 " " ' ^ ' L> Ci-C GTC ACC GAG ATC 

^^TtlTn^Z:^^^^^^^^^ P-tecting capability against Bialaphos 

repfacement of any of its nucleotSes Ss yef,^rtSCut mTn w '"^''^^^^'^ ^^-eabove by the 

DNA sequence mentioned hereabove °nSlL wTtL , J m ^'"^ 

furthermore to any equivalent DNA sequTnce w^rh wo.^ ^'"^J"' Q^^^tic code) and 

'"T^mT-^'^T'''^''' ' Bialaphos-resistancLactivL " polypeptide having the same 

noc,e<SiS:s~tS^ 

.nvenfon, for instance by removing terZal parts ^n iH^^^^ 

exonucleolytic enzyme, for instance Ba^T by reSnina thl rZ ^^'^ ^^^f^ as by an 

assaying the capacity of the modified plasSd to TIncfl '^^'^^'"'"g fragment in a suitable plasmid and bv 
B,a.aphos antibiotic or herbicide as 'dis^red latef whrev^^^sTaTS '° ^9--" 'h'^ 

For the easiness of language these DMA frTrZL , assay is appropriate. 

Whili": T'' '™r,'the'cor;e:p:nding Toi^:SL^:,^LtZ'. '^'TT "^-'^P^o-esistance 

infd'^crd ;n^rsn2sXtnir:^£^^^ on s;:^^::^::^^::::^ 
Trre r re^n^^. - ^^^^ - - - 

would also confer on them a proIeS^gl^^S olh^r^r.^'^'tK''''^ introduced into such plant cells 

mvo ived in the natural biosynthesis ofThosphSiSn ' sucr^'' '""^"""^ °' intermediate Todu^S 
abbreviations MPt01 („„. MP102 (,V,, ^^^e'^oZTT^^l,':^^ c^esignated^y .he' 
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HO- P- CH^- CH^- 



H 



NH, 



CH- COOH 



(III) 



10 



15 HO- P- CH^^^GH^- CH- CO- Ala- Ala 



(IV) 



H 

20 



More generally, the invention has opened the route to the production of DNA fragments which, upon proper 
incorporation into plant cells and plants, can protect them against GS inhibitors when contacted therewith, as 
this will be shown in a detailed manner In relation to Bialaphos and PPT in the examples which will follow. 

25 This having been established, it will be appreciated that any fragment encoding an enzymatic activity which 
would protect plant cells and plants against said GS inhibitors, by inactivationg, should be viewed as an 
equivalent of the preferred fragments which have been disclosed hereabove. This would apply especially to 
any DNA fragments that would result from genetic screening of the genomic DNAs of strains, particularly of 
antibiotic-producing strains, likely to possess genes which, even- though structurally different, would encode 

30 similar activity with respect to Bialaphos or PPT, or even with respect to other GS inhibitors. This applies to any 
gene in other strains producing a PPT derivative. 

Therefore, it should be understood that the language "Btalaphos-resistance DNA" or "Bialaphos-resistance 
enzyme" used thereafter as a matter of convenience is intended to relate not only to the DNAs and enzymes 
specifically concerned with resistance to PPT or most directly related derivatives, but more generally with 

35 other DNAs and enzymes which would be capable, under the same circumstances, of inactivating the action In 
plants of GS inhibitors. 

The invention also relates to DNA recombinants containing the above defined Bialaphos-resistance DNA 

fragments recombined with-heterotogous-DNA^ said heterologous DNA-containing-regulation elements-and- 

said Bialaphos-resistance DNA being under the control of said regulation elements in such manner as to be 
40 expressible in a foreign cellular environment compatible with said regulation elements. Particularly the 
abovesaid Bjalaphos-resistance-DNA,fcagments,containeei.iA:said-DNA.recombinants are devoid of any DNA 
region involved in the biosynthesis of Bialaphos, when said Bialaphos-resistance-DNA fragment originate 
themselves from Bialaphos-producing strains. 

By "heterologous DNA" is meant a DNA of an other origin than that from which said Bialaphos-reststance- 
45 DNA originated, e.g. is different from that of a Streptomyces hygroscopicus or Streptomyces viridochro- 
mogenes or even more preferably a DNA foreign to Streptomyces DNA. Particularly said regulation elements 
are those which are capable of controlling the transcription and translation of DNA sequences normally 
associated with them in said foreign environment. "Cellular" refers both to micro-organisms and to cell 
cultures. 

50 This heterologous DNA may be a bacterial DNA, particularly when it is desired to produce a large amount of 
the recombinant DNA, such as for amplification purposes. In that respect a preferred heterologous DNA 
consists of DNA of E. coli or of DNA compatible with E. coli . It may be DNA of the same origin as that of the 
cells concerned or other DNA, for instance viral or plasmidic DNA known as capable of replicating in the cells 
concerned, 

55 Preferred recombinant DNA contains heterologous DNA compatible with plant cells particularly Ti-plasmid 
DNA. 

Particularly preferred recombinants are those which contain GS inhibitor inactivating DNA under the control 
of a promoter recognized by plant cells, particularly those plant cells on which inactivation of GS inhibitors is to 
be conferred;^ . ' 

6a Preferred recombinants according to the invention further relate to modified vectors, particularly plasmids, 
containing^satd GSrinhibitor-inactivattog-DNA- so positioned- with respect to regulation elehnents, including - 
particularly promoter elements, that they enable said GS inhibitor-inactivating DNA to be transcribed and 
translated in the cellular environment which is compatible with said heterologous DNA. Advantageous vectors 
are those so engineered as to cause stable incorporation of said GS inhibitor inactivating DNA in foreign cells. 

65 particularly in their genomic DNA. Preferred modified vectors are those which enable the stable transformation 
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As concerns means capable of arhl^^f "ihibitor inactivating gene and tho ^f f '"^""oied fragment 
applications 84 32757 fTeri on n t '"^ ^"^^ constructions re^^^ f"^"^ Promoter selected 

(no 77 466 filed on December 27 ic,flT> 5 ^apan (no 299 730 fin ^ European Patent 

starting plant cells or plant Jssue not l. f °'' '"cludinrLldTet^?*f ^-'"^^'^o^- '=0'"Prising the 

or reproduction material o s^i^J o^ant^ ^"^''^'^ '"hibiting o? nJutr^i.rn^^?"^ ^^"^"^ material fror^ 
material and. optionally. bS^log caSt rln,,/ , """"^ P'^nt L^s or Sn T''*''''^- ^^S^^^rating plants 
Wherein said non-biologicaVS of !.rS^^ ^^'^ '^"^ mentioned Jants t re'?"^ '"'''"^^S «aid|enet c 
genetic material, comprises fr»n!f ^'''^"'^'"S said plant cells or olant L '^P^^^^^ction material or both 

containing a nucleotSnequfncee^^^^^^^^ "^"^'"^ P'-'^* ce °s ofp ant t.'lV""'"''"^ ^^''^ heterologoLs 
those Which are capable o? enabHna ?he 2^ i'^"^"'"' ^Je"^ equlato^^ ^ DNA-recombfnan? 

The invention concerns more ^articSv thnc . '^Position at dosages which would 

^r^n^maTr^^^^^^^^^ ^ ^ ^o^siSLr-;^^^^^^^^^ 

Plants. whereinVaTd DNA fraam."nr°"* ^^^^'^^^on^ of such p ant cells '^^^^^'^^ Sencmic DNAs Ja d 
capable Of inactivating or ^eutrSG^'°.^l^ " '"^uc^Tg a ^Tn Jarir^^'''^" seeds a' d 

on said Plant cells. reprodCSon matt^f T^^'^-r^'^-'-^'^ Bial^hos anTppr^r''' ^-^'^ 
resistance to GS inhibitors. "'"'^^ P'^"'s a corresponding non JarS?'''*;'"'"^'^ *° 

Non-vanety-specific" enzymatic activitv ok ^^"^'y-^P«crf,c phenotype of 

.rr2.ts-r,~^^^^^^^^ - - 

one another and comprising the 
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incorporation into said plant material of heterologous DNA. e.g. bacterial DNA or chemically synthesized DNA 
which does not normally occur in said plant material or which normally cannot be incorporated therein by 
natural breeding processes, and which yet confers a common phenotype (e.g. herbicide resistance) to them 
The invention is of particular advantageous use in processes for protecting field-cultivated plant species 
5 against weeds, which processes comprise the step of treating the field with an herbicide, e.g. Bialaphos or 
^I.A f effective to kill said weeds, wherein the cultivated plant species then contains in their genome 

rnhibitor ^^'"^"^ encoding a protein having an enzymatic activity capable of neutralizing or inactivating said GS 

By vvay of illustration only, effective doses for use in the abovesaid process range from about 04 to about 
10 1.6 kg/Hectare of Bialaphos or PPT. iv «»uuui 

There follows now a disclosure of how the preferred DNA fragment described hereabove was isolated 
starting from the Streptomyces hygroscopicus strain available at the American Type Culture Collection under 
. deposition, number. ATCC 21 705, by way '0^examplification" 6 

The following disclosure also provides the technique which can be applied to other strains producina 
15 compounds with a PPT moiety. k wuui,iMy 

The disclosure will then be completed with the description of the insertion of a preferred DNA fraament 
conferring to the transformed cells the capability of inactivating Bialaphos and PPT Thus the 
Bialaphos-inactivating-DNA fragment designated thereafter by Bialaphos-resistance gene or 'sfr' qene 
isolated by the above described technique into plasmids which can be used for transforming plant cells and 
20 confernng to them a resistance against Bialaphos, also merely by way of example for non-limitative illustration 
purposes. 

The following disclosure is made with reference to the drawings in which : 

- fig. 1 is a restriction map of a plasmid containing a Streptomyces hygroscop icus DNA fragment 
encoding Bialaphos-resistance. which plasmid, designated hereafter as pBG1 has been constructed 

25 according to the disclosure which follows ; 

- fig. 2 shows the nucleotide sequence of smaller fragment obtained from pBG1 subcloned into 
another plasmid (pBG39) and containing the resistance gene ; 

- fig. 3 shows the construction of a series of plasmids given by way of example, which plasmids aim at 
providing suitable adaptation means for the Insertion therein of the Bialaphos-resistance qene or "sfr" 

30 gene ; ^ 

- fig. 4A and 48 show the construction of a series of plasmids given by way of example, which plasmids 
contain suitable plant cell promoter sequences able to initiate transcription and expression of the foreian 
gene inserted under their control into said plasmids ; 

- fig. 5A shows a determined fragment of the nucleotide sequence of the plasmid obtained in figure 3 • 

- fig. 5B shows the reconstruction of the first codons of a Bialaphos-resistance gene from a Fokl/BqIII 
fragment obtained from pBG39 and the substitution of an ATG initiation codon for the GrGlnTtiatfen 
codon of the natural "sfr" gene ; i'uciiiun 

fig. -5C shows t he-reconstruction of-tfTe-entire-''sfr'' gene, namely the" lasrcoclons"th^e"of" and its" 
insertion into a plasmid obtained in figures 4A and 4B ; 

- fig. 6A shows an expression vector containing the "sfr" gene placed under the control of a plant-ceir 
. promoter;- . -r - ,^ 

- fig. 6B shows another expression vector deriving from the one shown in fig. 6A by the substitution of 
some nucleotides. 

- fig. 7 shows the construction of a series of plasmids given by way of examples, to ultimately produce 
plasmids containing the promoter region and the transit peptide sequence of a determined plant cell 
gene, for the insertion of the "sfr" gene under the control of said promoter region and the downstream of 
said transit peptide sequence. 

- fig. 8 to 1 1 will be referred to hereafter. 
The following experiment was set up to isolate a Bialaphos-resistance-gene from S. hygroscopicus 

according to standard techniques for cloning into Streptomyces . ' 

2-5 jj,g of S. hygroscopicus genomic DNA and 0.5 ^g of Streptomyces vector plJ61 were cleaved with PstI 
according to the method described in ref. 6. The vector fragments and genomic fragments were mixed ^d 
^^.^/t'll'l^?^'^^*'''^ ^ followed by 72 hours at 4^0 in ligation salts which contain 66 mM Tris-HCI (pH 7 5) 1 
I!^. 1 nT. A ^-^ 2-mercaptoethanol and 0.1 mM ATP) at a total DNA concentration of 40 ag 

ml- 1 with T4 DNA ligase. Ligation products were introduced into 3 x 109 S. lividans strain 66 protoplasts by a 
transformation procedure mediated by polyethylene-glycol (PEG) as described hereafter. These protoplasts 
gave rise to 5 x 10^ colonies and 4 x 10^ pocks after regeneration on 20 plates of R2 agar containing 0 5 o/o of 
Difco yeast extract (R2 YE). Preparation and composition of the different mediums and' buffers used in the 
disclosed experiments are described hereinafter. When these lawns were replica-plated on minimal medium 
60 plates containing 50 iig ml-^ Bialaphos. drug resistant colonies appeared at.a frequency of r oer lO^ 
transformantsr After purification-.ot the drug resistant.cob there plasmid DNA was isolated and used to 
retransform S. iividans protoplasts. Non selective regeneration followed by replication to Bialaphos-contain- 
ing-medium demonstrated a 100 o/o correlation between pocks and Bialaphos resistant growth The 
recombinant plasmids of several resistant clones all contained a 1.7 Kb PstI insert (see fiq. 1) 
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Subcloning of the herbicide resistance gene 



— — — — ——Si ■ ^.w.ww .w^jijigin^c ycfie 

generate plaarnliiS stlZ s^"^Srv:l^ co^ '."nZ """^'^^^ streptomycete vector pU385 to 
to Bialaphos. S. Iiv^ar,s grfiSf^orS in^teS?^^ ""'^ '^'^^^ more resistant 

oftransformantscontain^g pBG20 was no n<^t cSwvTnh .T containing 1 ^g/mt Bialaphos ; growth 
The PstI fragment was also^sCbcloned^n eSher oneSion n L containing 500 ^g/ml Bialaphos. 

Plasmids pBG1,and pBG2, according to their orientettrA ^.t oo^ P'^^'"'^ ^^"^22. to produce 

coH E8767 containing pBGI or pBG2 was ^eJiS^m To glaS^^ ' demonstrated that 

P-asmTd PB<&l^L^eTiZXsV£^^^^^ •^l-.P'--''^ PUC19 to produce .he 

the t.SS Kh 

Kb insert includes a fragment coding for a 2^ i^o^^^n" a^'d^S bfclt^^^^^^ 'g^en'^/^''^^'^^' '^'^ ^'^ 
Fine mappi ng and sequencing of the gene 

a £S''^%r.STL"^rsLr;Lsr^^^ -r™" •» 

The orientation of the gene in the Sau3A fr^nt^^f 5 ^ »'=c°''ding to the orientation. 

Bialaphos resistance coufdSe nduce»? IPTrfromThe nUC1 9^'" -Pf -ents which have shown that 
IPTG (0.5 mM) the resistance of pBG93/W3l 10 increased fra^^ ''^n"'T\ '^"^ °' 

Bialaphos. The W31 10 host devoid Of pBG93:i^ not7^^^^ .°" ^ '"^dium containing 

experiments demonstrated that the Sau3A fraamrn? coTiiri h» « ^ ^^'"'"^ ^ ^'S^'"' ^^^^^^ 
provided for the proper orientation as^ol Tn^the , gTenc^^^^^^^^^ °' "^^^^^ 

clones was detected by using coupled transcriotion Tr^Tn'^t^on !ll P'"*^'" e"c°ded by these 

(ref. 7). Depending on the orientaSon of the S^VfTramln^^^ i"!^ '^^"^^'^ ^'^^^^^^^ °^ ^ "^idans 
observed ; 22 Kd for pBG94 and ± 28 Kd or Mlt ThiSafed ^ti; °' ^'^^^^"^ siiiT^ 

the entire resistance gene and that a fus on orotlt wjL<= f ! u^* the Sau3A fragment did not contain 
resulting from the translation of a pUC 19 sequence. ^ ^""^ '"'^'"^^^ ^ polypeptide sequence 

copVI^'umr S^pS^^^^^ 9-nt from pBGI was cloned into the high 

nm-scopicus.TransforLntswhi;h^^^^ -ed to transform!, 

activity and also had increased amounts of a 22 kd ,^^tin "'°'^}^^ ^ '"^^^ ^s much PPT acetylatir^g 
Furthermore, both the acetyl transferase and the L Jrt n?of clodecylsulfate gels (SOS gels) 

begun. The correlation of tL ^vl rrStrJii^Jics ^f /vn^lt'^ ""^^^ ''^^ production of Bialaphos 

PBG20 transformants strongly-^d thaMSfpp hTIh ' TJ' ^"""""^'^^ expression associated with 

The complete nucleotide L'qL^nce of the 6?5 bp Sau3A ta^m. f '^"h 
sequences. Computer analysis reveafeS the preLnce^^i Inf^^ l^^^^ ^« "^"king 

Sau3A fragment. presence of an open reading frame over the entire length of the 

Characterization of the sfr gene product 

p. 9-19, 1985, and to French patent 800^3 ^^^^^^^ VANDEKERCKHOVE. Eur. J. Bioc. 152. 

September 2nd. 1985. all of^hich ^^^Tn^XteVSr ^y^^^^^^^^^^^^^ 

corerSSTvtiSrirerTe^^^^^^^^^^^^^^ polyquaternary amine 

previously separated on a sodium dodecvlsulfate com^iLo ^ ^ proteins and of nucleic acids 
essentially as for the protein blottin^S nJtrSfulose ^^^^ '7^^ " '''''' 

ammo-acid composition and partial seauencP nf tho il^XK r !1 ' ^"^'^ determination of 

good .gre,„,.„, o«,r,ed "opSr ^S^^^^ 

e^r^aTC^-r '^IS J,?-,- -3. ... c.„,„, o, .0 . 

oodo„.TH..xp«„oo,.e,.T5^-p,o,.,„=S„o.r."rr'„r^^=^^^^ ^ 
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Mechanism of PPT-resistanrg 



20 



I 25 



ger^orcraleril^^^^^^^^^^^ cHaracterls.es of the resistance gene an. its 

resistance. As described her'Labove P^Tfs the poSof^^ the mechanism by which it confers 

. and that.N-acetyl PPT is no, an inhibitor U^rnra standard ^Kay S 9)' S L^'"'"^"' s,nXl.eX^. (GS) 
derivates were shown to contain a PPT acetyl transferase whirh !fJl L \\ ^' t - ^yg^°^^°P'C"S ATCC 21 705 
not acetylate the Bialaphos tripeptide S Sans carr^rna ml t SJjvidans. The activity does 

plasmid containing the 625 bp Sau3 A f agr^e^ t cSed mo ?n If''^ f P^^^O or pBG16 (a 

I 10 contained the activity which coGiTacetyST^PT but 00^6!.^^^^^^^^^^ rf^'ooT?*^ ^^'^^ 

; produced by extracts of pBG20/ S. lividans was isolated S o^^-'^^^ o T '^^"''^^ P^°^"=» 

Analysis by mass spectroscopy showed ^h ^t the mSirw! oM h h 'L^^^ '"''^^^ acetyl-PPT. 

equivalent of one acetyl group. It vvas thus cincludeTthaHhe S^^^S^?.^A> ^^^^^ T^'"'^ '° 
which code for PPT acetyl transferase ^ — fragment contained sequences 

I 15 The experimental conditions and reagents used in the techniques disclosed hereabove were as follows : 

; Preparation and composition of the mediums and b uffers above u^^. H 

^oLSl2S^;~^ 0-2 m. Of a trace element 

ml of CaCl2. 2H2O (3.68 0/0). and 10 ml^f^ES buffer m llM^nM^^ °''^!:' °^ ^0 

(per litre) : ZnCIa 40 - md • FeCl^iHon^^^Z ^° J^l^^ ' ^'^^ T^ce element solution 

Na.B.O..10H.O.10m'g^7N'H;,eMo;oL.4^^ ' ^"^'-^H.O. 10 mg ; MnCI..4H.O. 10 mg ; 

caLl^acid's^a^nd^^gTo^^^^^^^^ 1 9 of glucose. 0.01 g of Difco 

trace element solution, 1 ml of KHlio. mBw Tol ^^^^^ autoclaved. 0.2 ml of 

(20 0/0). 10 ml of TES buffer (0.25 M (pH 7 2 0 5 S ^ (f M^S^OH f ?f ' ' °' ''P^^''"^ 
sequentially added. ^ ^ °^ V^ast extract (10 0/0) are 

3° TE : 10 mM TRIS HCI. 1 mM EDTA, pH 8 0 
^^4°^YEME : Difco yeast extract (0.3 0/0). Difco peptone (0.5 0/0). oxoid malt extract (0.3 0/0). glucose 

Transformation of S. lividans protoplasts 

1. A culture composed of 25 ml YEME, 34 0/0 sucrose onn^^MMr,!-! n c n/ . • 
flask, is centrifuged during 30 to 36 hours O ^OS M MgCls. 0.5 o/o giycme. in a 250 ml baffled 

centrL'ge^t'SSx JdSS..rr.°-:^^ir°°^ and protoplasts are gently sedimented in a bench . 
7. Protoplasts are suspended in 4 ml P medium and centrifuged again 

supefni^an^Tf^MrrftmatroT''"*' °' ^ P°-n9 o« the 

9. DNA is added in less than 20|al TE 

0.05 M'TSlsTalli^c^ctd!;^?; f p.SsTrJcfe?^ n""^ ^^^^ Vl Z'^^' ' '''' ^ 
components. ^ elements) ,s immediately added and pipetted once to mix the 

clmrJui'tion.'"""^'' ' ^ ^^^^^ P-toplasts are sedimented by gentle 

12. The pellet is suspended in P medium (1 ml) 

.aL°a;.fro;^cKS,°"* °" ^--^---t*- ^^y Plates to 85o/o of their fresh weigh e. g. in a 

1 4. Incubation at 30" C. 

A - Construction of a "sfr" gene cassette 

A "sfr" gene cassette was constructed to allow subseauent rionir,,, ■ . 

Isolation of a Fokl-Bglll fragment from the plasmid pS containSa a^-sfr"*^ expression vectors. 

the firs, codons. including the ini,ia,ion codon and oMheTas, rorion^ pene fragment led to the loss of 

This fragment of the "sfr" gene could be reconstructed in ^It o witS synthetic '"^f ^T"' 

appropriate amino-acids ■ synthetic oligonucleotides which encode- • 

The complementaiV synthetic oligonucleotides were 5'-CATGAGrrr>Ar-A ^ ^. ^ 
By using such synthetic oligonucleotides. ,he 5' end S^e^Sr aen^^^^^^ 
initiation codon substituted for a codon well translated bv ntnTlJ - ^® reformed and the GTG 
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SZj-'r^Cr- ' - ~^ ^-^--c, .„ea„o, .„ 

Thts adapter fragment comprised : 
- a TGA termination codon which enahiArf th^ i^^* ^ x . 

appropriate restriction sites :'hich e?abird t^e ins°^^^^^^^^ ''^ -'---^ ^ 

compnsmg the "sfr"'gene partially reformed Jith the sy^^^^^^^^^ °' nucleotide sequence 

reconstruction of an intact "sfr" gene ■ synthetic oligonucleotides ; this insertion resulted in the 

" ^^f'^^ restriction sites for the isolation of the entire "sfr" aene 
Thep,an?pS^^^^^^^^^^^^^^ 

rrr:'°Cit^r;*'ss,;oVe^a-^^ 

small subunit gene from Arabidoe^ 

"•^ Construction of the plasmid pi R.^fi o (fjg 3) 
The construction of plasmid dL KSfi o ^im^M • - 

BOTTERMAN (ref. 11). construction. pLK56. pJB64 and pLKSS^ere those disclosed by 

drawings by arc "a" in broken line) obtained from p.aSd L^St^l' . ^'^^ fr^Sn^ent (referred to in the 

2" Constructio n of the plasmid dRRU af^ (fjg 4^) 

Parallel with the last discussed construction there was orartur-.n . 
sequence recognized by the polymerases of plant cenrandTncluTna suithV ^T''. '^^"♦^'"'"g a promoter 
sa^d promoter sequence in the direction of transcription which SSn . ^'*"^^ downstream of 

the accomodation of the "sfr" gene then obtainable from DLK5f5 ? . ,nH intended to enable 

Plasmid PGV825 is described in DEBLAERE et 3 TreT ?m P^f ' ^"i °^ ^^id plant promoter 

PGV825 was linearized with Pvull and rec"c Jl£ed by tSe tSkS ^'^^^ BOTTERMAN (ref 11) 

^" fragment shown ^(e). (plasmid pGV956) ^ ''^"""'"9 deletion of an 

PGV956 was then cleaved by BamHI and Bglll 

TR ,■-2' proSSTer „agm»n, d„„,b=d in VEL?EN ef af "'""-l" "^^rrted ,he du=.l 

drgesled »ith Hgal and Hinaill and yielded pGSHISO ' 'ragmen! was Inserted In pGVISOO 

anS'Sarstr <" »» T-PNA .r.ns.r.p, r and . B^^H, 

Constructio n of the plasmid pGSJ260 ffio 4R^ 
• a plasmid derived from pBR322 and whiSh contain*, tho qco 

virus within .a BamHI fragment. contains the 35S promoter region of cauliflower mosaic 

PGSH150 was cut by Bam HI and Bglll 

suSSSeSlirg'SiT*^^^^^^^^^^^ P»S promoter. 

at Its B£lll restricti^ite.— ^' ^^^"^5° *° f°rm plasmid pGSJ250. pGSJ250 was then opened 

pg'sS" I- - inserted ,„ pas..«, a, tne ..e to ,o,„ plasmid 

derr,;r:r°m'oT;;;!^s^l:"^^^^^^^^ -dp.-- p^s.^. „ 

further modified as discussed below to yield pGSRI ^hus pLK56.2 was 

Starting from plasmid pGSJ260. two plasmid constructionc: for e k 
were made : ^ ^instructions for subsequent transformations of plant cells 

- a first plasmid permitting the expression of the "sfr" aene in tho ♦ . 

- a second plasmid so modified as to achieve transport oMhe B^^^^^^^^^ °'-'!^"' 

pun OT the Bialaphos-resistance enzymes to the' 
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chloroplasts of plant cells. 

First case : piasmid enabling the expression of the "sfr" gene in the cytoplasm of plant cells 

5^ Cloning of th^ :sfr gene cassette in a plant expression vector (p GS R2) (fig. 5) 

On figure 5A, the nucleotide sequence of the adapter of pLK56.2 is shown. In particular, the locations of 
Bam HI, Nco i; Bgl jl restriction sites are shown. 

This adapter fragnnent was cleaved by the enzynries Ncol and Bgl ll. 

Figure 5B shows the Fok l-Bglll fragment (j) obtained from pBG39. The locations of these two restriction 
10 sites are shown on figure 2. 

Using synthetic oligonucleotides, the first codons of the "sfr" gene were reformed, particularly the 5' end of 
the gene in which a ATG initiation cpdon vvas substituted for the Initial GTO codon;- 

f^o^< '-Bglli fragment completed with the synthetic oligonucleotides was then substituted in pLK56.2 for 
the Nco l-Bglll fragment of the adapter. The 3' end of the gene was thus reformed too, after recircularization 
15 with T4 DNA ligased. The piasmid obtained, pGSRI, thus contained the entire "sfr" gene inserted in its 
adapter. 

The piasmid pGSJ260 was then opened by Bam HI (fig. 5G) and the Bam HI fragment obtained from pGSR1. 
which contained the entire "sfr" gene, was inserted into pGSJ260. 

The obtained piasmid, pGSR2 (see fig. 6A) contained a pBR322 replicon, a bacterial streptomycin 
20 resistance gene (SDM-SP-AD-transferasej and an engineeired^ T^ consisting of ; 

- the border fragments of the T-DNA ; 

- a chimeric kanamycin gene which provided a dominant selectable marker in plant ceils ; and 

- a chimeric "sfr" gene. 

The chimeric "sfr" gene consisting of : 
25 - the promoter region of the cauliflower mosaic virus (p35S) ; 

- the "sfr" gene cassette as described in fig. 5 ; 

- the 3' untranslated region, including the polyadenylation signal of T-DNA transcript 7. 

pGSR2 was introduced into Agrobacterium tumefaciens recipient C58CIRifR (pGV2260) according to the 
procedure described by DEBLAERE et al. (ref. 10). 
30 This strain was used to introduce the chimeric "sfr" gene in N. tabacum SRi plants. 

Two variant plasmids deriving from pGSR2, namely pGSFR280 and pGSFR281 , have been constructed. They 
differ in the untranslated sequence following the transcription initiation site. In pGSR2, this fragment consists 
of the following sequence : 

GAGGACACGCTGAAATCACCAGTCTCGGATCC ATG ; 
35 while it consists of : 

GAGGACAGGCTGAAATCACCAGTCTCTCTACAAATCGATCCATG 
- in pGSR280-and-of- _ 

GAGGACACGCTGAAATCACCAGTCTCTCTACAAATCG ATG 

in pGSFR281, with an ATG codon being the initiation codon of the "sfr" gene. The "sfr" gene is also fused to 
40 the TR1'-2' promoter in the piasmid pGSH150 (fig. 4A) yielding. pGSFR 160 and pGSFR161 (fig. 6B). These 
plasmids contain slight differences in the pTR2 "sfr" gene configuration : the "sfr" gene is correctly fused to 
the endogenous gene 2' ATG in pGSFR161 (for sequences see ref. 13), whereas 4 extra base pairs (ATCC) are 
present just ahead of the ATG codon in pGSFR160. Otherwise, plasmids p66FR161 and p65FR160 are 
completely identical. 

45 All plasmids are introduced in Agrobacterium by cointegration in the acceptor plamids pGV2260 yielding the 
respective plasmids pGSFR1280. pGSFR1281. pGSFR1160 and pGSFR1161. 

Second case : construction of a piasmid containing the "sfr" gene downstream of a DNA sequence encoding a 
tFansit peptide and suitable for achieving subsequent translocation of the "sfr" gene expression product into 
50 plant-cell-chloroplasts 

In another set of experiments, the nucleotide sequence which contained the "sfr" gene was fused to a DNA 
sequence encoding a transit, peptide so as. to. enable its transport into chloroplasts. 

A fragment of the "sfr" gene was isolated from the adapter fragment above described and fused to a transit 
peptide. With synthetic oligonucleotides, the entire "sfr" gene was reconstructed and fused to a transit 
55 peptide. 

The piasmid (piasmid pATS3 mentioned below) which contained the nucleotide sequence encoding the 
transit peptide comprised also the promoter sequence thereof. 

Construction of the piasmid p GS R4 which contains the "sfr" gene fused to a DNA sequence encoding transit 
60 peptide (fig, . 7) . - 

Piasmid pLK57 is from BOTTERMAN, (ref.'l 1). Piasmid pATS3 is ia pUC19 clone which contains a 2Kb EcoRI 
genomic DNA fragment from Arabidopsis thaliana comprising the promoter region and the transit peptide 
. nucleotide sequence of the gene, the expression thereof is the small subunit oif ribulose biphosphate 
carboxylase (ssu). The A. thaliana small subunit was isolated as a 1 500 bp EcoRI-SphI fragment. The Sph I 
65 cleavage site exactly occurs at the site where the coding region of the mature ssu protein starts. 
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; Plasmids pLK57 and pATS3 were opened with EcoRI and Sphl. After recircularization by means of the T4 
DNA hgase. a recombinant plasmid pLKABI containing the sequence encoding the transit peptide (Tp) and its 
promoter region (Pssu) was obtained. Hennue ( ip; ana its 

in order to correctfy fuse the "sfr" gene at the cleavage site of the signal peptide, the N-terminal qene 
sequence was first modified. Since it was observed that N-terminal gene fusions with the "sfr" gene reteTnlheir 
enzyma ic activity, the second codon (AGC) was modified to a GAC. yielding an Ncol site overiapping wSh the 
ATG initiator srte. A new plasmid. pGSSFR2 was obtained. It only differs frSSTpGSRI (firSB) by tha^ 
mutatior,. The Ncol-Ba^HI fragment obtained from pGSFR2 was fused at the Sphl end of the trans i pep rde 
s^hownTn fiauresT • '^^'^^''^ '° ATG-fetiator of the ssC^ne^t 
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Introduction of the .."sfr" gene into a different plant species 

The Bialaphos-resistance induced in plants by the expression of chimeric genes, when the latter have been 
transformed with appropriate vectors containing said chimeric genes, has been demonstrat™ oH^^^^^ 
recombmant plasmids containing the "sfr" gene were introduced separately by mobWza^^^^^^ 
Agrobactenum strain C58Ci RifR (pGV2260) according to the procedure described^y DETLi^Rfand a 
Nucl. Add. Res.. 13 p i 477. 1985. Recombinant strains containing hybrid Ti plasmides werelSrmed ?Sese 
strams were used to infect and transform leaf discs of different plant species, according to fmet hod 
essentially as described by HORSH and aL. 1985. Science, vol. 227. Transformation procLure oMhese 
different plant species given by way of example, is described thereafter. 

1 . Leaf disc transformation of Nicotiana tabacum 

Used Media are described thereafter : 

Ai MS salt/2 + 10/0 sucrose 
0.80/0 agar 

pH 5.7 ^5 

Aio B5-medium + 250 mg/l NH4NO3 
750 mg/l CaCl2 2H2O 
0.5 g/l 2-(N-Morpholino)ethane- 
sulfonic acid (MES) pH 5.7 
30 g/l sucrose 

All B5-medium -h 250 mg/l NH4NO3 
0.5 g/t MES pH 5.7 
2 0/0 glucose 
0.8 0/0 agar 

40 mg/l adenine ^ 

+ 1 mg/l 6-Benzylaminopurine 

(BAP) 

0.1 mg/l lndoIe-3-acetic acid 
(iAA) 

500 mg/l Claforan 

A12 B5-medium -f 250 mg/l NH4NO3 
0.5 g/l MES pH 5.7 _ 
2 0/0 glucose 
0.8 0/0 agar 

40 mg/I adenine . , ^ 
+ 1 mg/l BAP 
200 mg/l claforan 

Ai3 MS-salt/2 + 30/0 sucrose 
0.5 MES g/l pH 5.7 

0,7 0/0 agar ^ 
200 mg/l claforan 

Bacterial medium - min A : (Miller 1972) 60 mM 
K2HPO4. 3H2O. 

33 mM KH2PO4 ; 75;mM (NH4)2S04 
1-7 M trinatriumcitrat; 1 mM MgS04 ; 
2 g/l glucose ; 50 mg/l vitamine B1 

- Plant material : 
Nicotiana tabacum cv. Petit Havana SRI 

Plants are used 6 to 8 weeks after subculture on medium Ai 

- Infection : 

- midribs and edges are removed from leaves. 

- Remaining parts are cut into segments of about 0.25 cm^ and are placed in the infection medium Aio (about ' 
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12 ^segments in a 9 cm Petri dish containing 10 ml Ain) 

; ; y -cu mi or med.um A,o containing 500 mg/l clarofan 

- selection and shoot induction 

100 mg^ta^ryJin^L^^^^^^ °" -"'-"'"^ ^ --tive agent : 

10 10 to lOO mg/l phosphinotricin 

' iftt T^^^^'^ transferred to fresh medium weekly. 

15 - Rooting 

rn'Ju^'lX^T^t^S'r ^^^"^'^ ""'^ -^'^^ -'«ted and transferred to rooting 

- Rooting takes 1 to 2 weeks. 
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After a few more weeks, these plants are propagated on medium A. 

Tuber disc infection of S gjanum tuberosum (potato) 
Used medra are described thereafter : ^^^^^^^^^ 



I Ci B5-medium + 250 mg/( NH4NO3 

300 mg/l (CaCH2P04)2 
I 25 0.5 g/l MES pH 5.7 
\ 0.5 g/l polyvinylpyrrolidone (PVP) 

40 g/l mannitol ( = 0.22M) 
i 0.80/0 agar 

' 40 mg/l adenine 

: O2 B5-medium + 250 mg/I NH4NO3 

400 mg/l glutamine 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
40 g/l mannitol 
35 40 mg/l adenine 
0.8 0/0 agar 

+ 0.5 mg/l transzeatine 

0.1-mg/l lAA - 

500 mg/l clarofan 
. ^0 Cs MS salt/2 + 3 0/0 sucrose 
0.7 0/0 agar 
pH 5.7 

C7 B5-medium + 250 mg/l NH4NO3 

400 mg/l glutamine 
^5 0.5 g/l MES pH 5.7 

0.5 g/l PVP 

20 g/l mannitol 
; 20 g/l glucose 

I 40 mg/I adenine 

^50 0.6 (V6 agarose 
; + 0.5 mg/l transzeatine 

j 0.1 mg/l lAA 

1 500 mg/I clarofan 

Ce B5-medium 4- 250 mg/l NH4NO3 
: 55 400 mg/I glutamine 
j 0.5 g/l MES pH 5.7 

; 0.5 g/l PVP 

I 20 g/l mannitol 

I 20 g/I glucose 

I 60 40 mg/l adenine 

I 0.6 0/0 agarose 

I -f 200 mg/l clarofan 

] 1 mg/l transzeatine 

"I fi^ B5-medium + 250 mg/l NH4NO3 

I ^ 400 mg/I glutamine 
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- 0.5 g/( MES pH 5.7 
0-5 g/l PVP 

20 g/l mannitol 
20 g/l glucose 
. 40 mg/l adenine 

. 0.6 o/o agarose- ^ ^ 
+ 1 mg/l transzeatine 
0.01 mg/l Gibberellic acid A3 
(GA3) 

100 mg/l clarofan 

C11 MS salt/2 + 6 0/0 sucrose m 
0.7 0/0 agar ^ 

1-7 tnnatrrumcitrat; 1 mM MgS04 ; 

2 g/l glucose; 50 mg/l vitamine B1. ;5 

- PLant material 

Tubers of Solanum tuberosum c.v. Berolina 
c.v. Desiree 

- infection 

- Potatoes are peeled and washed with water 

- Then they are washed with concentrated commercial bleach for on ■ * 

- nnsed 3 to 5 times with sterile water. bleach for 20 m.nutes. and 

- The outer layer is removed (1 to 1.5 cm) 25 

- The central part is cut into discs of about 1 cm2 and :> in rr.^ . 

30 

' Selection and shoot induction 

kanamycin. '"^ "'""^ ^0 l™storred to m.aium c, containing 50 mg/l 

Kanamycin. "° "»"»'C"-M to elongalKjn medi™ C, containing 50 mg/l 

- Rooting 

RnnStlf"^ f^°°*^ separated and transferred to rooting medium 

- Rooted shoots are propagated on medium C5. meaium Cn. 

^' M^^L disc infection of Lycopersicum esculentum (tomato) 

Used media are described thereafter 

Ai MS salt/2 + 1 0/0 sucrose 
0.8 0/0 agar 
pH 5.7 

Bi B5-medium + 250 mg/l NH4N03 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
300 mg/l Ca (H2P04)2 
2 0/0 glucose 
40 mg/l adenine 
40 g/l mannitol 

B2 B5-medium + 250 mg/l NH4NO3 « 
0.5 g/l MES pH 5.7 ^ 
0.5 g/l PVP 
400 mg/l glutamine 
2 0/0 glucose 
0.6 0/0 agarose 
40 mg/l adenine 
40 g/l mannitol 
-f 0.5 mg/l transzeatine 
0.01 mg/l lAA 
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500 mg/l ctaforan 

B3 B5-medium -h 250 mg/I NH4NO3 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
5 - 400 mg/hgtutamine 
2 0/0 glucose 
0.6 0/0 agarose 
40 mg/l adenine 
30 g/» mannitol 
10 4- 0.5 mg/l transzeatlne 
0.01 mg/l lAA 

500 mg/l clarofan 

B4 B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 
r5 0.5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 

0.6 0/0 agarose 

40 mg/l adenine 
20' 20 g/l mahnitol 

-I- 0.5 mg/l transzeatlne 

0.01 mg/l lAA 

500 mg/l clarofan 

85 B5-medium + 250 mg/l NH4NO3 
25 0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 

0.6 0/0 agarose 
30 40 mg/l adenine 

10 g/l mannitol 

+ 0.5 mg/l transzeatine 

0.01 mg/l lAA 

500 mg/l clarofan 
55 Be B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 
- - -0:5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 

4(7 0,6.0/0 agarose. . .. . — . ^ . - 

40 mg/l adenine 

+ 0.5 mg/l transzeatine 

0.01 mg/l lAA 

200 mg/l clarofan 
45 B7 B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 
50 0.6 0/0 agarose 

40 mg/l adenine 

+ 1 mg/I- transzeatine- 

200 mg/l clarofan 

Be MS salt/2 -f 2 0/0 sucrose 
55 0.5 g/l MES pH 5.7 

0.7 0/0 agar 

Bg B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 
50.:. ^.' 2.0/0 glucose. . . ■ / ; - 

0.6 0/0 agarose 

40 mg/l adenine 

+ 1 mg/l transzeatine 

0.01 mg/l GA3 

55 Bacterial medium ^ min A : (Miller 1972) 60 mM 
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k2HP04.3H20 ; 

33 mM KH2PO4; 7.5 mM (NH4)2S04; 
1.7 M trinatriumcitrat; 1 mM MgS04 ; 
2 g/l glucose; 50 mg/( vitamine B1 

' - Plant matefial 

Lycopersicum esculentum cv. Lucullus. 
Plants are used 6 weeks after subculture on medium Ai. 

- Infectron 

- Midrib is removed from the leaves. 

m«tfZm%%';!ilr ?rT'^. °' '° ' ''"'^ ^'^^ ^^^9^^ °' wounded, so that only 

maximum 3 sides of the leaf pieces Is wounded). ^ 

- Segments are placed in Infection medium Bi (upside down), about 10 segments in a 9 cm Petri dish 
mtTmedium " " "^'^^ ^° °' ^ '^'^ '"^ '^""^^^ °' Agrobacterium strain grown In 

- Petri dishes incubate for 2 days at low light intensity 

- Medium is removed after 2 days and replaced by 20 ml of medium B, containing 500 mg/l clarofan. 

- Selection and shoot induction 

- The leaf discs are placed in medium 83 + 50 or 100 mg/l kanamycin 

- Each 5 days the osmotic pressure of the medium Is lowered by decreasing the mannitol concentration 
transfers are done consecutively in medium 83. 84 85 and Be conceniraiion. 

■l5)X°/rka^namydn.'" meristems are separated from the leaf discs and placed on medium 87 with 50 or 

- Once little shoots have formed, calli are transferred to elongation medium 89 with 50 or 100 mg/l kanamycin. 

- Rooting 

- Elongated shoots are separated and transferred to medium Be for- rooting 

- Plants are propagated on medium Ai. 

Greenhouse tests for herbicide resistance 
Material and method 

In this experiment, two herbicides comprising phosphinotricin as active ingredient are used 
HERBfACET''^""'^^ commercially available under the registered trademarks 8ASTAR and MEIJI 

These products are diluted to 2 0/0 with tap water. Spraying is carried out on a square metre area from the 
!or po°Ltr' ^^"^P^^"*"^^ °' greenhouse is about 22" C for tobaccos and tomato, and above To» C toTs^C 

Results 

- Tobacco spraytest 

^i i^g°^j^"V^^Tc"^ o'^oo!'" "^''^"^ P'^"*^ transformed with the chimeric "sfr" genes as present 
Pf SFR1161 or PGSFR1281, as well as unstransformed control plants (from 10 cm to 50 cm high) are 
treated ^^'t^^ 20 I BASTAR/ha. Control SRI plants die after 6 days, while transformed planTs aS fu ly 
resistant to 20 I 8ASTAR/ha and continue growing undistinguishable from untreated plants No visiS 
damage is detected, also the treatment is repeated every two weeks. The treatment has no effect n 
subsequent flowering. The recommended dose oF 8ASTAR herbicide in agriculture is 2 5-7 5 I/ha 
as iovTSp^fMnrir^"! is performed using 8 I/ha MEIJI HERBIACER. The transformed plants (the same 
damaged dSectatle ^"'^/^O""""^ undistinguishable from untreated plants. No visible 

- Potato spraytest 

Untransformed and transformed potato plants ( Solanum tuberosum cv. Berolina) (20 cm high) with the 
chimenc "sfr" gene as present in pGSFR1161 or pGSFR1281 are treated with 20 I 8ASTAR/ha Contr^ olants 
fr^ umreft?? ZV'' '° ^'^'^'^ ''""^'^ ThTgrl'^u^dSgSlsS 

- tomato spraytest 

Untransformed and transformed tomato plants ( lycopersium esculentum cv. luculus) (25 cm high) with the 
STi?. H ^^"'n f ""r^T PGSFR1 161 and pGSF HI 281 are treated with 20 1 BASTXR/h^ cont oT plants 
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- Growth control of phytopathogenic fungi with transformed plants 
in another set of experiments, potato plants exoressina chimpri^- -cfr" 

PGSFR1281 are grown in a greenhouse compartment S lo'Cun^^^^ hiLh h?l P^^^^"* PGSFR1161 or 
spraying 1 ml of a suspension of 106 PhytophtorT!nfestans Scores oef m^ P^ ^" '^'^"'^ *nnoculated by 
(20°c, 95 0/0 humidity. 4 000 lux) until f unaal disease Tvmntom r^r ^kT ?^ '^"^^ chambers 
at that moment spra'yed with ela^laphor'afa'SlfT^^^^^^ 

ingested by the fungus. The growth of the funaus is stonnpH nn thrt , : ""f^eated plants are completely 

- Transmission of the PPT resistance through seeds 

BASTA»/ha. 7 days lat.,. l,eMh, and damag.d plantt o» brateS^lhad in "* ^'^^ "* * ' 

dalSr»e'l„d7erelr?»?ri^^^^^^^^ han-aatad/p^ SLgT^. „ 

gana The invention alao concarns p^ Sand S^n^^^^ 

inhlbit0r.inactivatln9.gena according to llSln.emSn ''°''-^'»»"»">'-'>'°'<'8"=»lly>ranatormad Witt, a GS 
•..r-7en?;;^ai;S^e°1;Sb:r '^"""^ "-'>io'<.9ica,ly.tr,„s,orn,ad «,t. the 

w^rrapa; n^cSoXrd^iitKrs s :c=„%~;;~ ™ 
caXrsxr„ersCoT2Srr;i^^^^^^^ 

.^e^SreS/S'^iXfanrettr^^^^^^ "> - ~ — « ».*a, 

diat:rsts:^^rMte":rp",^„5r^^^^^^^^ 

,ntlT?°Sur2oTo' " " — ' P="-larry at time 

The invention also concerns a new process for selectively nrntf^otinr. a r^i<.r^t ^ 
and selectively destroying weeds in afield com^ris ng he^s S S wfthTn'r ' h "?f' ^'l'^'"^ 

the plant species contain in their aenomp a ona fr=.7,rr,r«T or Treating a field with an herbicide, wherein 
capable of ^eutra.izing Or ;;et;;;argTs ^hh.^^^^^^ - 
mgredient a GS inhibitor vvnerem ine used herbicide compnses as active 

efflLencTeiSro^^T^^^^^ be. employed -with the same ■ 

developLnt of fungi !f the latLra^peLrs IftS ^Suction of^weTdf ' '° 

so he:ViciS;':o%'osirto?e;;:rw^^dT °' '^•^^ ^'^^^'^ ^« »-ted with an 

On the same hand, fields can be treated even before the olant sDPn>« t« h» ^ . ^ 
Before emergence of the desired plant species fields can bP^r«r»oH .! be cultivated are sowed. 
Bialaphos^type herbicides. spec.es, fields can be treated with any available herbicide, including 

After emergence of the desired plant species, Bialaphos or related rrtmn«,,„H •» 
55 In a preferred embodiment, the herbicide is aoolied at tim^ in !!! . T^u ^PP''^"* ^^"^'^^ 

BiatX:^;:.Si-^^^^^^^ 

tor;ru^r'--'"'^°-^''^--^^^^^^^^ 

lilu'ri^llC'c^r^^^ 

bout 2 to about 8 I/ha ^ application to the field at a rate ranging from 
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diluted i 

about 2 to about 8 I/ha. *'f'P"«=af to the field at a rate ranging 

There follows examples, given by way of illustration, of some embodiment.; of tho 

plant species. emooaiments of the process with different 
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'-■ Sugarbeets 

The North European sugarbeet is planted from March 15 ud to Anrii if; 
condition and more precisely on the precipitation Tnd aTe^age te^m^rttu L the :^:Ss p^obTems are T'''''' 
less the same in each country and can cause difficulties until the crnn h™^! "lore or 

. weed problems can be separated in three situations ^ ""^""^^ ^'"""'^ "^''^-'J^'y' 

7 early germination of the grassy weeds, 

- early germinating broadleaved weeds. 

- (ate germinating brjDadleaved weeds. 

ipp to now, pre-emergence herbicides have been successfullv used ^iir^h ^r^r«« 
tho.e commercially available under the registered trademarks ??ramTn«ToLT|S and VFM^^^If 
However, the susceptibility to dry weather conditions of these products as weH S^l'J.^lf J ' 
to control late germinating weeds have led the farmer to usr<iS^s? em^rnLn^I w °/ 
pre-emergence ones. post-emergence products in addition to 

fol^wtg'LXTes" '^'^^ '"^^^"''^"'^ compositions cited in the 



AVADEX^ 



AVADEX BW^ 



GOLTIX 

R 



RONEET 

TRAMAT ^ 

TA 
R 



FERVINAL^ Alloxydime-sodi 



BASTA' 



-urn SP 75 % 

Phosphinotricin 2O0 g/l 

PYRAMIN FL^ rhir^^^^=. 

Chloridazon sc 430 g/l 
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TABLE (I) 

Commercial Name Ar-hixr^ t^^^^^- 

■it Active Ingredient Formulation ^ 



Diallate ec 400 g/l 

Triallate ec 400 g/l 

Metamitron wp 70 % 

Cycloate ec 718 g/l 

Ethofumerate EC 200 g/l "^^ 



35 



broadleaves (Galium. Polygonum , SeneSo S^XcuSg^" — ^l^Pecuajs, POA) and 40 

Post-emergence herbicides can be applied at different moments of the growth of suaarhf^^t ■ =.t = , w 
level,xtwo-leave level or at a four-leave level growin or sugarbeet , at a cotyledon. 

JTSL^"' thereafter represents possible systems of field-treatment, given by way of examniP 
in Xhose examples, the post-emergence herbicide of the class of Bialaphos used Ts BASTA^^n lr^r,,^- r 
with different pre-emergence herbicides. Concentrations are indicated in l/ha o kg^ha 
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- Potatoes 

Potatoes are grown in 



Potatoes are grown in Europe on about 8 106 Ha Tho 



TABLE (III) 



70 



Weeds control systems in potatoe«. ^ 

RA^raR potatoes, based on the use of is 

BASTA , provxdmg potatoes are rende-r^r. 

BASTA^ rendered resxstant to 
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Linuron + monolinuron (375 g + 375 . 

ce I g + 375 g/ha) prior to emergen- 

BASTA^ ^ "^^ 

BAqTiR/^i " emergence (5-15 cm) 

BASTA /fluazxfop-butyl 3-4 It/ha + 2 It/ha aft.r- 

xTi/na atter emergence 

(5-15 cm) 

"^""""^^ WP 50 (AFALON^ ) 

Monolinuron wo a-j c <, , r 

WP 47.5 \ (ARESSIN^) 55 
fluazifop-butyl ^-^n ^/i ,^ r 

EL 250 g/1 (FUSILADE^) 



"Gl^^rSol^S'ofM?^^^^^^^^^^^^ on December .2n.. 1985 at the 

° pTrtr deposition Se^foSM 3^6 17?SM^^^^^^ 

Further embodiments of the invention are described hPrtaftor 1 ! respectively. 

- fig. 8 shows the restriction mao of a ni.^Tn T".eT::L?- --eference to the figures in which : ^>r 

- fig. 9 Shows the nucleotide sequence oH^e "sffsv"n2n« ^f"°^^^' B*alaphos-resistance-gene ■ 

- fig. 10 shows the amino acid homology LKsfrsv- genrand^s r'"^ '''' '^^'^'^"^^ 9^"^ ' 

m,s second preferred DNA fragment according to the fnSon *Jf;f^^*^«^ ^es.gnated by "sfrsV gene. 
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VSPER R PVE IRPATAADM 



A A V C D I V N H Y 1 E T S T V N P 
RTEPQT p;iE WID DLERLQ 

DRYPWLVA EVEGVVAGIA 
V A G P w K A R N A Y D W T V E S T 

VYV SHRHaRLG LGS TL YT 
HLLKSME A aGFKSVVAVI 

CLP NDPSVRLHEALGYT A 

Q L_ ^ __A_ _A _G_^ Y K _ H _ G- G _ W- H D- V" - G 

^ ^ ^ ^^F EL PA PPRpvRPV 
T Q 1 * 

which part of said polypeptide is of sufficient length to confer protection against BialaphoS'-plant-protectinq- 
capabihty"-. to plant cells, when incorporated genetically and expressed therein. Reference will also be made 
here-after to the "ptant-protecting-capabitity" against Bialaphos of the abovesaid nucleotide sequence 

Meaning of the designation of amino acids by a single letter is given thereafter 
Alanine A 
Arglnine R 
Asparagine N 
Aspartic Acid D 
Cysteine C 
Cystine C 
Glycine G 
Glutamic Acid E 

- Gtutamine-'O- ~ ' - „. . . 

Histidine H 
Isoleucine I 
Leucine L 
Lysine K 
Methionine M 



22 



0 242 246 



Phenylalanine F 
Proline P 
Serine S 
Threonine T 
. Tryptophan W 
Tyrosine Y . - 
Valine V 



This second preferred DNA fragment consists of the following nucleotide sequence : 

TAAAGAGGTGCCCGCCACCCOCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTGTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC^ 
GAGCGGAGAGCGCATGGC ' " 

"l^ere';:;o:s ;rerLaT;i'SLirS^^^^^^^^ -^^''"'^^ against Bialaphos ; 

gene, the construction of express^rvS ^00^^^^^^^ 

subsequent transformation of plant ce„s. in o%Ttl\:TrV:: Z^S^^^^^^^^^^ ^"^ 

prepared acc-^PdiHilF standard techn^es D NA samnl^i ^ ^ h^^ growH^Fdl^tiTDNA of this strain was 
Sau3A, in three different reactions andTparate^on an aoaro JL?f ''^^^ respectively with Pstl. Smal and 
(fg. 5B) digested with BamHI. In a Southern anXJis thrnMA^ ' l^^^ 

hybndized with the labbeledBamHIfragmentfJompSRico^ "ff °" ^ riitrocellulose filter and 

w... ..eo,„ cone. ,„ Z^S^'^.Z^'— 
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transferred to nitrocellulose filters, and hybridized with the "sfr^ probe. Positive candidates were further tested 
for their growth on minimal medium plates containing 300 ^g/ml PPT. One transformant that grew on 
PPT-containing-medium was further analysed. The plasmid map and relevant restriction sites of this plasmid 
pJS1 are represented in fig. 8. The strain MC1061 (pJSI) has been deposited on March 06 1987 at the 
5 DEUTSCHE SAMMLUNG VON MIKROORGANISMEN (DSM) under deposition number DSM 4023. The clone 
restriction fragment has been sequenced according to the Maxam and Gilbert method and the coding region 
of the gene could be identified through homology. The sequence of the ."sfrsv" gene is represented in fig.9 and 
the homology on the nucleotide and amino acid sequence level with "sfr" gene is shown in fig. 10. 

10 Expression of the "sfrsv" gene 

A "sfrsv gene cassette" was also constructed to allow subsequent cloning in plant expression vectors. A 
Banll-Bglll fragment containing the "sfrsv" coding region without the initiation codon GTG was isolated from 
pJSr. This* fragment was ligated in the vector pLK56-2 digested with Nco l and BglH. together with a synthetic 
oligonucleotide 5'-CATGAGCC-3\ similar with the one described for "sfr" gene and shown in fig 5 The 

15 construction of pGSR 1 SV is schematically shown in fig. 1 1 . Since similar cassettes of both genes are present 
in respectively pGSR1 and pGSRISV. previous described constructions for the expression of the "sfr" gene in 
plants can be repeated. 

Enzymatic analysis of crude extracts from E. coli strains carrying plasmid pGSRISV demonstrated the 
synthesis of an acetylase which could acetylate PPT. This was shown by thin layer chromotography of the 
20 reaction porducts. , 

The "sfrsv" gene was then inserted into the plasmid vector pGSJ260 (fig. 4B) under the control of the CaMV 
35s promoter, to yield a plasmid pGS2SV. similar to pGSR2 (fig. 6A) except that the "sfrsv" gene is substituted 
for the "sfr" gene. 

It is clear that herbicide resistance genes of the above type may be obtained from many other 
25 microorganisms that produce PPT or PPT derivatives. Herbicide resistance gene can then be incorporated in 
plant cells with a view of protecting them against the action of such Glutamine Synthetase inhibitors. For 
instance, a Bialaphos-resistance-gene is obtained from Kitasotosporia (ref. 15). 

Transformed plant cells and plants which contain the "sfrsv" resistance gene can be obtained with plasmid 
PGSR2SV, using the same Agrobacterium-mediated-transformation system as hereabove described for the 
30 transformation of different plant species with the "sfr" gene. 

Plants are regenerated and tested for their resistance with similar spraying tests as described hereabove 
All plants behaved similarly and show resistance against herbicides consisting of glutamine synthetase 
inhibitors. 

Finally, the inventors also pertains to the combination of the plants resistant to an inhibitor of glutamine 
35 synthetase as defined above with the corresponding inhibitor of glutamine synthetase for use in the 
production of cultures of said plants free form weeds. 
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Claims 

60 

1 . Pi-ocess for controlling-the' action- in' plant celisr and plants of a glutamine synthetase inhibitor when 
contacted herewith, which comprises providing said plants with a heterologous DNA including a foreign 
nucleotide sequence, capable of being expressed in the form of a protein in said plant cells and plants, 
under conditions such as to cause said heterologous DNA to be integrated stably through generations in 
65 the cells of said plants, and wherein said protein has an enzymatic activity capable of causing inactivation 
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or neutralization of said giutamine synthetase inhibitor 



_ y.v.ia,MMic :>yruneiase inhibitor 

; 5ER Pro GLir 

1B3 



5 



•aHS^ARS pro ALA ASP ILE ARG ARB ALA THR 3LU ALA ASP MET PRO 

4S^-VAL CYS THR ILE ^/AL ASN HIS TVR ILE SLU THR SER THR WL 
, S73 " - - 

f^N PHE ARG THR BLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 
^^^iS . -20 

^EU VAL ARB LEU ARG GLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

A5P°GLY GLU VAL ALA GLY ILE ALA TYR ALA GLY PRO TRP LYS ALA - 

409 

ARB A3N ALA TYR A3P TRP THR ALA GLU SER THR VAL TYR VAL 3ER 

30 

PRO ARG HIS GLN ARB THR GLY LEU GLY SER THR LEU TYR THR HIS 
A9B 

LEU LEU LVS SER LEU GLU ALA 3LN GLY PHE LVS SER VAL VAL ALA - 

VAL ILE SLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 

* .40 

L^ GLY TYR ALA PRO ARB GLY r^ET LEU ARB ALA ALA GLY PHE LYS 

■•-■6^33 ~ " - " 

HIS GLY ASN TRP HIS ASP Uai r-i v dljct ^^r, 

^AL GLY PHE i RP GLN LSU ASP PHE SER 

LHU PRO VAL PRO PRO ARG PRO VAL LEU PRO VAL THR GLU ILE - 

in yvhich X represents MET or VAi r^r o r^<^^+ ^* 

enzymatic activity and, wheLaid SL^^^^^^^ '-9*^ Possess said 

the herbicidal activity of giutamine synthetasTrnhiWtSrs " ' '° '""^ '^"^^ ^^^'^^^ 55 

fo<fow7ng n^c^StVuenc'e °' ''^ '^'^'"^^ heterologous DNA fagment comprises the 
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10 



GTQ AGC CCA GAA 

1 B3 . 

CGA CGC CCG GCC BAC ATC CGC CGT GCC ACC GAG GCQ GAC ATQ CCG 

333 . , . 

GCG GTC TGC ACC ATC GTC AAC CAC TAC ATC GAG ACA AGC ACS 6TC 
373 

AAC TTC CGT ACC GAG CCG CAG GAA CCG CAG GAG TGG- ACG GAC GAC 
319 - 

;5 CTC GTC CGT CTG CGG GAG CGC TAT CCC TGG CTC GTC GCC GAG BT3 

363 

• . • - ^ * . ^ 

BAC GGC GAG GTC GCC 6GC ATC GCC TAC GCG GGC CCC TGG AAG GCA 
408 

20 

CGC AAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTC T^*^ 
453 

25 CCC CGC CAC CAG CGG ACG GGA CTG GGC tcC ACG CTC TAC A'-^C -^AC 

499 

CTG ^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGC GTG GTC GCT 
543 

GTC ATC GG3 CTB CCC AAC GAC CCG AGC GTG CGC ATG CAC GAG GCQ 
.539 

CTC GGA TAT GCC CCC CGC GGC ATG CTG CGG GCG GCC GGC TTC AAG 
633 

CAC GGG AAC T5B CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC AGC 
£>73 

CTG CCG GTA CCG CCC CGT CCG GTC CTG CCC GTC ACC GAG ATC 
733 
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50 



55 



or a part thereof expressing a polypeptide capable of inactivating said glutamine synthetase inhibitor. 

6. Process according to any of clainns 1 to 5, wherein the initiation codon ATG is substituted for the 
initiation codon GTG of the sequence defined in claim 5. 

7. Process according to any of claims 1 to 3, wherein the heterologous DNA fragment comprises a 
foreign nucleotide sequence coding for the following amino acid sequence : 
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V SP ER RPVEIRPATAADM 



A A AT'C DIVNHYIETSTVNF 
R T E P Q T p Q. E W I D D L E R L Q 
DR YPWLVA EVEGVVAGIA 
VAGPWKARN AYDWTV E ST 
VYV SHRHaRLG L G S T L Y T 

HLLKSME A aCFKSVVAVI 

CLPNDPSVRLHEALGYTA 

RGTLRAAGY K HGGW HDVG 

FW dRDFEL PAPPRpvRPV 
T Q 1 * 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 
GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 



CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 



TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 



GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGl' 



CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 



ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 



GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 



gGgcttcaagagcgtggtcgccgtcatcggactgcccaacgacccgagcg 



TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 



gccggctacaagcacgggggctggcacgacgtggggttctggcagcgcga 



j::ttcga^ctgccggccccgc^ 



gagcggagagcgcatggc... 



or a part thereof expressing a polypeptide capable of inactivating said glutamine synthetase inhibitor. 

9. In a process for producing plants and reproduction material of said plants including a heterologous 
genetic matehat stably integrated therein and capable of being expressed in said plants or reproduction 
material in the form of a protein capable of inactivating or neutralizing the activity of a glutamine 
synthetase inhibitor, comprising the non biological steps of producing plants cells or plant tissue 
including said heterologous genetic material from starting plant cells or plant tissue not able to express 
that inhibiting or neutralizing activity, regenerating plants or reproduction material of said plants or both 
from said plant celts or plant tissue including said genetic material and, optionally, biologically replicating 
said last mentioned plants or reproduction material or both, wherein said steps of producing said plant 
cells or plant tissue including said heterologous genetic material comprises transforming said starting 
plant cells or plant tissue with a DNA recombinant containing a nucleotide sequence encoding said 
protein as well as the regulatory elements selected among those which are capable of enabling the 
expression of said nucleotide sequence in said plant cells or plant tissue and to cause the stable 
integration of said nucleotide sequence in said plant cells and tissue, as well as in the plant and 
reproduction material processed therefrom throughout generations. 

10. The process according to claim 9. wherein starting cells are transformed with a recombinant DNA 
which contains the fragment of any one of the claims 1 to 8 recombined with- heterologous DNA; and- 
wherein said recombinant- DNA is devoid of -any DNA* region- involved irr the biosynthesis of Bialaphos. 
when said fragment originates itself from a Bialaphos-producing strain. 

11. The process according to claim 10, wherein the recombinant DNA is a vector suitable for the 
transformation of a cellular host and, when introduced therein, for allowing for the neutralization or 
inhibition of glutamine synthetase inhibitors. 
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12. The process according to claim 11, wherein the vector comprises said recombinant DNA .mw 
control Of replicon elements suitable for the transformation of bacteria. parlicLLrl E S 

13. The process of claim 11, wherein the vector comorises said reromhmo,,* n K^.^ 
control of a plant promoter region, which vector fXTcom^s ren^S^ 

- °f -'^ fragments in plant cells, when the latrare'S^^^^^^^^^^^ sSe"?tor'' 

B;^lap^o\r.?o- el^^^^^^^^^^^^ -inst herbiS^Ss of 

c^:::;^i£^:^:^zi>:^:!r'' --^^^ n^uiosT^fbSsUte 

17. The process of any of claims 11 to 16. wherein said vector is a Ti plasmid 

18. Plant cells, non biologically transformed, wherein they possess stablv intooratoH .i, ■ 

DNA fragment encoding a protein having a non-variety-spL^c en^m^ic a^M^^^^^^^ ^T?^- ^ 

or inactivating glutamine synthetase inhibitors. enzymatic activity capable of neutralizing 

19. Plant cells according to claim 18, wherein they are capable of qeneratina a niant r.ar,=.Ki^ ... • 

srut^^intfyr^^^^^ 

cfj?ms9?i?;."' '° °' ^'^^ transformed by the process of any of 

acetyTtranSf^as'e"'"'"" '° °' '° ""''^'^ ^^^^^^^^ of phosphinotricin 

22. Seeds, non biologically transformed, which oossess stablv intonrat^n ir. - 

fragment encoding a protein having a non-vari^-sprcSi en j^^^^^^^ f. ^'^A 

neutralizing glutamine synthetase Inhibitors. enzymatic activity capable of inactivating or 

23. Seeds according to claim 22. which are capable of germinatina into a niant r-=ir,=hi^ * ^ • 
Jyret^sSrr"'^-^^^^^^^ ^-^^^'^ — - -rat^oTn^u^t^atinl ^^^^^^^^ 

24. Seeds according to claim 22 or 23. which are transformed by the process of any one of the claims 9 to 

25. Plants, non biologically transformed, which possess, stably integrated in their aenome a DMA 
fragment encoding a protein having a non-variety-specific enzymatic activity capable of neuTralizinn o^ 
inactivating glutamine synthetase inhibitors. ^<«MaDie ot neutralizing or 

26. Plants according to claim 25, which are capable of oroducina "sppHq hawm« , 
enzymatic activity capable of Inactivating or neutralizing glu'taminrs^ynSase nSS^ 

27. Plants according to claim 25 or 26. which are transformed by the process of any o claims 9 to 1 7 

28. Process for protecting a plant species and selectively destroying weeds in a field rnmnrl 
steps Of treating a field with an herbicide, wherein the plant species^ontJnTn tJe'l genomTa VnI 
fragment encoding a protein having an enzymatic activity caoable of nputraii,!;^ Z 1 9®"°"^® ^ 
synthetase inhibitors, and wherein?he used'herbicide is^'a ZZle ^^^il^X^s^^^^^^^^^^ ^'"'^-^'"^ 

one Of cS no 8 *° ^'^^^ ^^^^^'^^ ^ ^NA fragment according to any 

pfoce:s°:rany^\° SSimstto 1? °' ''^ ^^^^^^ ^^^'--^ --^^'"9 to the 

is^^pSJ^o^^r^eTS^^^^^ 

intervals of about 20 to 100 days, until early and late germinSing wSds a?e deS^^^^^^^ ^'"""'"'^ 
^^^:X::::^r:l£:^^£' synthetase inhibitors comprise 

33. Process for selectively protecting a plant species in a field against funqal diseases comnricinr, th» 
steps of treating a field with an herbicide, wherein the plant specierJoSn In thefr n^^^^^^^ 
fragment encoding a protein having an enzymatic activity capable of neutraTzina aJ inac iv^^inn n! f 
synthetase inhibitors and wherein the used herbicide is a gl^amine synSJet se fnhi i or 
cSmsT to '"^ '° ^"'"^ ^' 'P""'"^ « fragment according to any of 

pfocrsroraVo^^roTcfaimsto 1? °' ^'^"^ ''^^''^ --^^'"9 to the 

ini,ibiro7is%^^i:r^^^^ 

at time intervals of about 20 to 100 days until fungi are destroyed P^-^'^^'^^'V 

37. Process according to any one of claims 33 to 36, wherein glutamine synthetase inhihitr^r i« =oi»^i»^ 
from a group which comprises Bialaphos, phosphinotricin and related compound! ^'^'^ 

38. Process according to claim 32 or 37, wherein Bialaphos PPT or related comnonnH i« i- w ♦ 
dose ranging from about 0.4 to about 1 .6 kg/ha M os, r k i or related compound is applied at a 

39. Process according to cLaim 38, wherein Bialaphos, PPT or related compounds is diluted in a liquid 
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carrier at a concentration such as to enable its application to the field at a rate ranging from about 2 I/ha to 
about 8 t/ha. 

40. Process according to any of claim 38 or 39, wherein selectively protected plant species comprise 
sugar-beet, rice, potato, tomato, maize, tobacco. 

41 . Vecjor which contains a DNA fragment encoding a polypeptide having an enzymatic activity capable 
of causing inactivation of glutamine synthetase inhibitors. 

42. Vector according to claim 41, which is suitable for the transformation of plant cells and plants. 

43. Vector according to claim 41 or 42. which contains a DNA fragment beionging to the genome of a 
Streptomyces . 

44. Vector according to any of claims 41 to 43, which contains the DNA fragment recombined with 
heterologous DNA, wherein said recombinant DNA is devoid of any DNA region involved in the 
biosynthesis of Bialaphos. 

45: The vector of claim 44 suitable for the transformation of a cellular host and, when introduced therein, 
for allowing for expression of a polypeptide capable of inactivating glutamine synthetase inhibitor. 

46. The vector of claim 45, wherein said DNA fragment is under the control of repllcon elements suitable 
for the transformation of bacteria, particularly E. coli . 

47. The vector of claim 46, wherein said DNA fragment is under the control of a plant promoter region, 
and of. regulation elements allowing for the expression of said DNA fragments in plant cells, when the 
latter are later transformed with said vector. 

48. The vector of claim 47rWhiGh confers biaiaphos^-resistance to the transformed plant cells. 

49. The vector of claim 48, wherein a sequence encoding a transit peptide is intercalated between said 
plant promoter region and said DNA fragment. 

50. The vector of claim 49. wherein the transit peptide is selected from ribulose-1,5 biphosphate 
carboxylase and chlorophyl a/b binding proteins. 

51 . The vector of any of claims 45 to 50, wherein said vector is a modified Ti plasmid. 

52. Vector according to any of claims 41 to 51 . which comprises the following nucleotide sequence : 
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103 . QTB ABC CCA QAA 

CGA^CGC CCS GCC E«C ATC CcS CGT BCC ACC CAO BC3 GAC AT3 CCO 
GC|_g;t<: T3C ACC ATC Btd AAC CAC TAC ATC BAG ACA AGC ACG Grd 
AAC^TTC CGT ACC GAB CCG CAG GAA CCG CAG GAG TGG AC3 GAC GAC 
CTCJTC CGT CTO CGG GAG CBC. TAT CCc' +GS CTC GTC GCC GAG GTG 

"iol"" r= ^= ^-"^ 3cb GGC CCC TGG AA3 0=X 

CGC^AAC GCC T*C GAC TGG AC3 GCC GAG TCG ACC GTG TAC GTC Tcd 

^=54°= "==° ^'^^ ==TG GGC tec ACG CTC TAb ACC CAC 

CTG^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGd GTG GTC GCT 
GTC^ATC GGG CTG CCC AAC GAC CCG A3C GTG CGC ATG CAC GAG GCO 
CTC^GGA TAT GCC CCC CGC GGC ATG CTG CGG GCG GCC GGC TTC AAG 
CAC^GGG AAC TGG CAT GAC GTG GGT TTC TGG ^AG CTG GAC TT^ Aod 
CTG^CCG GtX CCG CCC CGT CCS GTC Ct5 Ccb CTC ACC GAG ATC 
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53. The vector Of claim 52, Wherein the initiation codon ATG is subsm^^^ - ^ 
the sequence defined in claim 52. ^" m r is suDstituted for the pnitiation codon GTG of 

54. Vector according to any of claims 41 to 51 , which < 



t comprises the following nucleotide sequence : 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCOCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGA.CGGTGTACGTCTCCCACCGGCACCAGCC?<5CTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCO 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCOA 



CTTCGAGCTGGCGGCCGGGCCGGGGeeeGTeeGGCCCGTCACACAGATi 




GAGCGGAGAGGGGATGGC -. 



55. A DNA fragment, for the subsequent transformation of plant cells, coding for a polypeptide having 
phosphinothricin-acetyl-transferase activity, which consists of a nucleotide sequence coding for the 
following amino acid sequence : 
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X SER "PRO 6LU 

1H3 

AR5 ARG PRO ALA ASP ILE ARG ARG ALA THR GLU ALA ASP MET PRO 

■239. 

ALA VAL QY3 JHR IL£ VAL A5N HIS TYR ILE GLU THR SER THR VAL 
273 " 

ASN PHE ARG THR GLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 

LEU VAL ARG LEU ARG BLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

363 

ASP GLY GLU MAL ALA GLY ILE ALA TYR ALA GLY PRO TRP LY5 ALA 
4 08 

ARG ASN ALA TYR ASP TRP THR ALA GLU SER THR VAL TYR VAL SER 
A53 

PRO ARG HIS GLN ARG THR GLY LEU GLY SER THR LEU TYR THR HIS 

LEU LEU LY5 SER LEU GLU ALA GLN GLY PHE LYS SER VAL VAL ALA 
Sh3 

VAL ILE GLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 
533 

LEU GLY TYR ALA PRO ARG GLY MET LEU ARG ALA ALA GLY PHE LYS 

6 33 * ' * 

HIS GLY ASN TRP HIS ASP VAL GLY PHE TRP GLN LEU ASP PH? -SER 

673 

LEU PRO VAL PRO PRO* ARG PRO VAL LEU PRO VAL THR GLU ILE 
723 



in which X represents MET or VAL. or of a part of said nucleotide sequence of sufficient length to code for 
a polypeptide still having phosphmothricin-acetyl-transferase activity 
56. The DNA fragment of claim 55 which comprises the following nucleotide sequence : 
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^°^:^§^^ ^'^S sec GAC ATC CGC CGT GCC ACC GAQ GCO GAC ATQ CCt3 
GCG^GTC TGC ACC ATC GTC AAC CAC TAC ATC GAQ ACA AGC ACQ 6TC 

AAC TTC CGT ACC GAG CCG CAG GAA CCG CAG GAQ TGG ACG GAC GAC 

'319 > 

^^^363^^ ^"^^ CGC TAT CCC TGG CTC GTC GCC GAG GTS 

"^"^AOr^ ^"^"^ GGC ATC GCC TAC GCG GGC CCC TGG AAG GCA 

^^453^^^ ^'^^ ^"^^ "^^^ "T-^C GTC TCC 

"^^493°^ ^""^ ^^"^ ^""^ "^^^ "^^^ ''^^ ^"^C TAC ACC CAC 

^"^543^° ^^'^ ^^'^ "^^^ ^^.^ ^■'■S GTC GCT 

^"^583^^ ^^"^ ""^^ ''^^ ^""^ ''^^ ^'^^ '^"^2 CAC GAG GCG 

'^"^633"'' ''"'"^ '''''^ ''''^ "^"^ """"^ ^"'^ GCG GCC GGC tVc AAG 

CAC^GGG AAC T5G CAT GAC GTG GGT TTC TGG CAG CTG GAC TTd AGC 

CTG^CCG GTA CCG CCC CGT CCG GTC CTG CCC GTC ACC GAG ATC 



expressing a polypeptide having phosphinotricin-acetyl-transferase activity 
57. A DN A fragment for the subsequent transformation of plant cells, coding for a polypeptide having 
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VSPE RRPVEIRPATAADM 
A A V C D X V N H Y I E T S T V N P 
R T E P QT PaE W I D D L E R L Q 

D RYPWLVAEVEGVVAOr A 
Y A G P W K A R N A Y D W T V E S T 

VYV SHRHaRLGLGSTLYT 
HLLKSMEAaGFKSVVAVI 
CLPNDPSVRLHEAL GYTA 
RGTLRAAGYKHGGWHDVG 
FW aRDFELPAPPRPVRPV 
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or a part of said nucleotide sequence of sufficient length to code for a polypeptide still havinq 
phospinotricin-acetyl-transferase activity. 
58. The DNA fragment of claim 57, which comprises the following nucleotide sequence : 50 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 
rCTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 
CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 
TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGAGCTG 
GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 
CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 
ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 
GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 
GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 
TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 
GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 
CTTCGAGCTGCC'GG~C~CCCGCCCCGCC"CCGT1=C^^^^ 
GAGCGGAGAGCGCATGGC 
or of a part thereof expressing a polypeptide having phosphinotricln-acetyl-transferase activity. 
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